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A direct, transient interaction between vinculin and
Arp2/3 is required to promote receptor-stimulated
lamellipodial extension and cell spreading. Vinculin
selectively recruits Arp2/3 to the leading edge of the
lamellipodium, where it may couple the actin
polymerization machinery to adhesion complexes to
promote membrane protrusion over ruffling.
It is well established that eukaryotic cells use vinculin to
strengthen adhesions and promote cell spreading and
lamellipodial extension [1]. But despite extensive analy-
sis of vinculin and its many ligands [2], the mechanistic
connections between these protein interactions and
cellular functions have been unclear. This situation has
now changed dramatically with the exciting new paper
by DeMali et al. [3], which reports compelling evidence
that a direct, transient and spatially localized interaction
between vinculin and a new ligand, Arp2/3, is required
to promote receptor-stimulated lamellipodial extension
and cell spreading. Formation of the vinculin–Arp2/3
complex depends on the same signals required for
lamellipodial protrusion, namely activated Rac1 and
phosphoinositide 3 kinase (PI 3-kinase). Supported by
an earlier report [4] that the effect of activated Rac1 on
lamellipodial extension in vinculin null cells requires re-
expression of vinculin, the new findings establish a mol-
ecular link between signaling pathways and a specific
protein–protein interaction required for integration of
adhesion and motility during cell spreading.
DeMali et al. [3] addressed the central question of how
lamellipodial protrusion — a key process in cell motility
— is coupled to adhesion. The question is important
because lamellipodia unable to form strong enough
attachments to the substrate curl backward, forming
ruffles that do not support migration (Figure 1A,C). Pro-
trusion of the typically fan-shaped lamel-lipodium
depends on actin polymerization induced in part by
Arp2/3, a complex of seven proteins that stimulates for-
mation of a regularly branched network of polarized actin
filaments by nucleating actin assembly from the sides of
pre-existing actin filaments [5,6].
Stabilization of the newly extended membrane
depends on the assembly of integrin-mediated adhe-
sions to the substrate near the zone of new actin poly-
merization [7]. The newly formed attachments, called
focal complexes, are Rac1-dependent structures
which contain many of the same components, includ-
ing vinculin, as the larger RhoA-dependent focal adhe-
sions. Although not associated with actin stress fibers
[6], focal complexes are dependent on actin filaments
[8] and exert a traction force [9] which may be used to
pull the cell forward. 
DeMali et al. [3] hypothesized that the coupling of
membrane protrusion to adhesion occurs by physical
connection of Arp2/3 with a structural component of
focal adhesion complexes. By co-immunoprecipitation,
the authors found a small amount of Arp2/3 associated
with vinculin, but not with talin or α-actinin. This asso-
ciation was markedly enhanced by pre-treating serum-
starved cells with epidermal growth factor or by plating
the cells on fibronectin, conditions that stimulate ruf-
fling, lamellipodial protrusion and cell spreading via
activation of PI 3-kinase [10] and Rac1 [11]. Formation
of the vinculin–Arp2/3 complex peaked at 30 seconds
and was undetectable 20 minutes after application of
stimulus. The transience of the interaction may explain
why this complex has not been detected heretofore. 
The interaction of vinculin and Arp2/3 was found to
be dependent on PI 3-kinase and Rac1 activation.
Thus, complex formation was prevented by treatment
with wortmannin and LY294002, inhibitors of PI 3-
kinase, or by expression of the dominant-negative
N17Rac1. Conversely, expression of the constitutively-
active L61Rac1 was found to promote formation of the
vinculin–Arp2/3 complex. These findings establish that
the vinculin–Arp2/3 complex is induced by receptor-
mediated signaling through the PI 3-kinase and Rac1
pathways that control lamellipodial extension.
But is the vinculin–Arp2/3 complex necessary for
membrane protrusion? DeMali et al. [3] addressed this
central question by mapping the site of interaction with
Arp2/3 to the proline-rich region of vinculin, and then
constructing two point mutations that selectively ablate
binding of Arp2/3 but leave intact the binding of other
ligands, including VASP, ponsin and vinexin. Whereas
wild-type vinculin rescued spreading of vinculin null
cells on fibronectin, the mutant forms unable to interact
with vinculin were ineffective. In contrast, the mutants
were as effective as wild-type vinculin at rescuing
adhesion to fibronectin and migration through a Tran-
swell filter. Thus the deficiency in lamellipodial forma-
tion and cell spreading is likely caused by the specific
failure of the Arp2/3–vinculin complex to form. This
compelling evidence for a functional role of the vin-
culin–Arp2/3 interaction in Rac1-mediated lamellipodial
extension dovetails nicely with the recent report by
Goldman and Ingber [4] that activated Rac1 cannot
trigger lamellipodial extension and cell spreading in vin-
culin null cells until intact vinculin is re-expressed. 
How might the Arp2/3–vinculin complex be
important for lamellipodial protrusion? The first thing
that comes to mind is that vinculin may be yet another
type of regulator for Arp2/3 activity, but this may not
be the case. Arp2/3 is stimulated by several classes 
of proteins, but in all cases the activation requires
interaction of Arp2/3 with an acidic domain on the
activator [12], whereas the interaction with vinculin is
via the proline-rich domain. Recently, the first inhibitor
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of Arp2/3, coronin, has been described [13], and
coronin also interacts with Arp2/3 via a non-acidic
domain, in this case a coiled-coil region. Although no
data on the effect of vinculin on Arp2/3 activity were
presented, preliminary experiments cited showed no
effect on Arp2/3 nucleation of actin filament assembly.
The absence of any effect of vinculin on Arp2/3 activ-
ity is an important point, because it directs attention
to other possible roles for the complex. 
DeMali et al. [3] suggest that vinculin recruits Arp2/3
to focal complexes and nearby Arp2/3 activators at
the leading edge. Formation of the vinculin–Arp2/3
complex might physically couple newly polymerized
actin to cell–substrate adhesions and thereby promote
lamellipodial extension at the expense of ruffling
(Figure 1). Evidence that vinculin can recruit Arp2/3
came from using fibronectin-coated beads to cluster
integrin receptors on the cell surface and simulate for-
mation of focal complexes. Beads on cells transfected
with wild-type vinculin were found to recruit both vin-
culin and Arp2/3 in most cases; but when the cells
were transfected with mutant vinculin, most of the
beads recruited vinculin but not Arp2/3.
Vinculin and Arp2/3 were additionally found to co-
localize at the leading edge of Rac1-stimulated lamel-
lipodia, but not in mature focal adhesions where the
majority of vinculin is concentrated. Interestingly, the
co-localization of vinculin with Arp2/3 at the leading
edge of lamellipodia is best seen when RhoA activity
is inhibited, blocking formation of mature focal adhe-
sions. This suggests that when RhoA is active, the vin-
culin–Arp2/3 complex gives rise to the focal adhesions
found in a zone behind the focal com-plexes. DeMali
et al. [3] speculate that Arp2/3 is dis-placed by another
ligand that binds to vinculin via its proline-rich domain.
Such a mechanism would account for the transience
of the Arp2/3–vinculin complex after stimulation of
lamellipodial protrusion.
The formation of a traction-generating complex 
at the leading edge of a migrating cell would need to
be highly regulated to permit persistent motion.
Consistent with this requirement, formation of the
Arp2/3–vinculin complex was shown to be enhanced
in cell lysates by addition of PIP2 and the VCA domain
of N-WASP, potent activators of vinculin [14] and
Arp2/3 [15], respectively, suggesting that both these
proteins need to be in their activated conformations.
As stimulation of integrins activates Rac1 [16] and
induces PIP2 synthesis [17], and Rac1 activates
members of the WASP family [18], the work of DeMali
et al. [3] completes the first connection between the
signaling pathways and the molecular mechanisms for
coordinating actin polymerization with cell adhesion at
the leading edge. Undoubtedly, there will be more
examples to come.
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Figure 1. Lamellipodial dynamics.
(A) Actin polymerization nucleated from
the sides of pre-existing actin filaments
by Arp2/3 drives lamellipodium protru-
sion. (B) If the thin sheet of extended
membrane and polymer is not stabilized,
it folds back on itself and travels rearward
with the constitutive retrograde flux of the
actin cytoskeleton. (C) Assembly of vin-
culin-containing focal complexes at the
leading edge antagonizes ruffling by tran-
siently rivetting the cytoskeletal network
to the extracellular matrix, enabling devel-
opment of traction force and forward
movement of the cell. (D) Vinculin binds
and recruits Arp2/3 to integrin-mediated
adhesions at the leading edge, thereby
coupling membrane protrusion to
adhesion.
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